Nowadays, the inspection process is an essential part of the manufacturing process, where a product is subjected to verification of the geometric features, dimensions and tolerance specifications with respect to the product design specifications. One of the most interesting topics in the automation of the inspection process is the right fixture design. In the fixture design process we have used the information provided by the part design and manufacturing process. However, the lack of integration and structuring of this information results in one of the most important problems, producing an increase in the time and cost implied in the development of the fixture design and its implementation.
Introduction
The different forms and geometric features of the mechanical parts should be inspected to ensure that the manufacturing process fulfils the dimensional specifications, dimensional tolerances and finish tolerances. In the last decade, different research groups have developed frameworks that allow the information associated to the geometric specifications of the product to be defined. This framework has enabled information models to be developed with the objective of automating the inspection process [1] . The main objective of an information model is the description of types of ideas, facts and processes, which together form a model of a portion of interest of the real world. The possibility of implementing these information models in a computer application has introduced improvements in the time, cost and set-up of the manufacturing process.
The main research, in the field of inspection process, has employed information models, mainly in two interest areas: The planning and execution of the inspection operation, and the inspection fixture design. The majority of research has been focused on modelling the information associated to the inspection process using IDEF0 and EXPRESS tools [2] and on the structuring of the information related to automating the fixture design [3] .
The inspection process provides a group of parameters (dimensions and dimensional tolerances; forms, positions, geometric tolerances orientations and finish tolerances) that allow to define and verify the specifications of the product design. These parameters can be classified with respect to the measuring elements (CMM, probe head, styli, software, etc.) and with respect to the fixture system employed.
Bearing in mind the importance of the inspection process and the complexity that it can attain, different research groups have been focused on the structuring of the information needed to automate the inspection process [2, 5] . Also using modelling techniques (IDEF0 and EXPRESS), Barreiro has established an information model for integrating the inspection process into a concurrent engineering framework. This framework describes the functional analysis of the flow activity development during the inspection process using a CMM. The information defined in the activity flow has been considered a basic element for the construction of the reference model proposed by Barreiro [6] .
Using these elements, several models have been used for describing the information associated to the fixture design process [3, 7] . This type of model establishes a group of reference elements that provide a base on which the fixture designer can lean in order to define the configuration of the fixture. Kakish [8] has developed knowledge bases for fixture elements, defining the design parameters and specifications used in the fixture design. This approach has been developed by the need to represent complex models in a field of fixture design.
Due to the requirement to establish a more integrated structure of information, it is necessary to define knowledge models. This type of model allows to describe the elements that are part of the vocabulary and the reasoning process that must be executed.
The implementation of a knowledge model in the environment of the inspection fixture design for CMM, requires a definition of the different structures of information related mainly with the geometry of the part to be inspected, the features of the inspection process and the inspection resources employed. Also a description of the reasoning process makes it easy to develop a fixture solution. In this sense, the implementation of this type of model leads to a representation of the knowledge related to the fixture design and a definition of the heuristic process employed in the fixture design. A first approach in the implementation of a knowledge model applied to machining fixture design has been developed by Hunter [9] .
The evolution of artificial intelligence techniques has led to more automated environments being established. Some methodologies allow the development of knowledge based systems, such as MOKA and CommonKADS. The MOKA methodology provides an integrated framework to represent and capture knowledge (Informal Model) and an explicit definition of the product structure and the design process (Formal Model) [10] . The second methodology, CommonKADS, is focused on capturing and representing knowledge through a context model, a knowledge model and a communication model. The purpose of the knowledge model is to explain in detail the types and the structures of the knowledge used in performing a task. It provides an implementation description of the role that different knowledge components play in problem solving, in a way that is understandable for humans, and independent from the platform used to implement it [11] .
The solution adopted in this research requires the specification and conceptualisation of each one of the information elements involved in the inspection process. This information should provide a definition of the basic attributes for each one of the activities involved in the design of the inspection fixture [4] . The results provide a suitable approach for integrating the task development executed during the inspection process.
We have developed a detailed view of types and structures of knowledge implied in the execution of each task. This view has been named as a knowledge model. The knowledge model is employed for automating and integrating the inspection fixture design in CMM. The information contained in this model allows for structuring and systematising the knowledge relative to inspection fixture design (geometric information, dimensions and tolerances, inspection operations, inspection resources, etc.) and also allows for facilitating the automation of the inspection fixture design for a CMM through the implementation of a Knowledge Based System (KBS). This type of system allows the design process to be automated through the inference engine on a knowledge base.
Methodology for representing the knowledge for fixture
The methodology proposed for fixture design process is divided into five stages. The information associated to any activities of this methodology has been extracted from documents and experts in the fixture design field. For modelling this information, IDEF0 methodology has been used due to its capacity to describe the information composed for each activity. On the other hand, IDEF0
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provides a description of the activities and the information needed for executing each activity. Fig.  1 shows the five stages proposed in this research for this methodology. In the next section, we describe the main activities proposed in this methodology. 
Developing fixture requirements (first stage)
Identifying the functional requirements is the first stage of this methodology. The functional requirements identification process is carried out through the tasks or behaviours that the system should develop and through the information needed to be declared in each one of functional requirements of the fixture design system.
Developing fixture functions (second stage)
Developing the fixture functions allows to describe the information, based on the proposed previous stage (functional requirements), necessary for the execution of the functions for fixture design (orientate, support, locate and clamp).
Elaborating functional design (third stage)
This stage presents the functional design of the inspection fixture resulting from the functions proposed in the previous stage. From the functional point of view, this stage shows the graphic result of the functions, using a group of graphic elements that illustrate a first approach to the inspection fixture design.
Elaborating detailed design (fourth stage)
In the detailed design stage we establish the commercial elements that correspond to the functional elements defined in the previous stage. To establish this correspondence we have defined a group of interpretation rules that allow to select the commercial elements defined according to the information provided by the functional elements (function type, machining surface type, and element technology) defined in the previous stage.
Validating detailed design (fifth stage)
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The validation stage allows the configuration of the detailed fixture between different design approaches to be evaluated. In this sense, the validation of the fixture is carried out from two perspectives.
• The first approach establishes the validation of the functional requirements proposed in the first stage of this methodology, with respect to the configuration of the support, location and clamping elements (see Fig. 1, Node A1 ). • The second approach establishes the validation of the fixture configuration. In other words, the validation of the positions and orientation of each fixture element (see Fig. 1 , Node A5).
Knowledge model for inspection fixture design
The knowledge model proposed for inspection fixtures has been developed in three phases. The first one establishes the methods used in the capture and structure of the knowledge involved in the fixture design process, from two points of view:
• The description of the fixture design process for inspection and the specification of the information needed to realise each activity of this process. • The description of the method used to capture the knowledge associated with the inspection process. These points have been developed using IDEF0 methodology and the informal model provided by MOKA. IDEF0 methodology allows the design process to be represented in graphic form, while the informal MOKA model allows the information of the fixture to be captured and classified in different forms, denominated ICARE (Illustration, Constraint, Activity, Rule and Entity).
The second phase describes the behaviour of the fixture design system through the interactions among internal and external knowledge units of the system (geometry, inspection operations, inspection resources, etc.) and presents a general state description of the system. This phase is carried out using a UML case and interaction diagram. The use of these diagrams is due to the potentiality of UML to describe the dynamics situation of the system (information flows and behaviour).
The third phase describes the data and knowledge structures. This phase forms part of the conceptual base of the fixture design. For this, we have taken the definition of the terms involved in the fixture design, such as classes, attributes and operations of each knowledge group. The UML class diagram has been used to develop the structural model. The main purpose of this model is to generate a source code which is implemented in a KBE platform. Fig. 2 shows the structural knowledge model together with the knowledge units defined for inspection fixture design (Table 1) . 
Results
With the objective of presenting the application of the methodology and knowledge model, a sample is presented. This section presents the definition of the knowledge units, class and attributes and the implementation of the knowledge model in a CAD environment.
The initial information provided for the knowledge model, is related to the definition of different entities, such as, geometry, dimensions and tolerances of the part, and the inspection operations developed. This information includes the definition of the geometric elements to inspect, the inspection sequence and the resources used in this process, and the attributes of each entity described previously.
The information relative to the inspection operations is incorporated into the knowledge model through the graphics interface. The information provided by inspection operation is separated into different levels related to dimensions, dimensional tolerances, geometric and finish tolerances, and the inspection operation sequence. Fig. 3 shows the definition of the attributes of the knowledge unit for inspection processes starting from the graphic representation of the elements to inspect. 
Figure 3. Part to inspect and inspection process definition
The inspection fixture result is obtained, in a first instance, by the knowledge unit of functional design. This unit uses a group of fixture design rules to define the configuration of the fixture. In this case, the rules have been used to locate and to support the part on the CMM. The solution is represented graphically using the AFNOR standard [12] . These functional elements represent the functionality of each commercial element. Fig. 4 shows the functional design of the inspection fixture. Finally, the definition of the fixture commercial elements is carried out through the different interpretation rules associated to the attribute defined for functional elements. The fixture commercial elements are defined in two categories. The first one contains the inspection elements, such as coordinate measuring machine, probe body, styli and motorised probe head. The second category defines the fixture elements, such as support, locate and clamp elements, and base plate. These two categories are used to represent the detailed fixture design for inspection. Fig. 5 illustrates the detailed fixture design for inspection.
Conclusions
In this research, a framework is proposed for the definition and application of a knowledge model for inspection fixture design. In this sense, this framework proposes a methodology based on the concepts of functional requirements and the fixture functions. The main principle is to automate the design functions of a knowledge based system. On the other hand, several knowledge units have been defined to develop the fixture design process. This knowledge unit has been integrated into a platform, independent of any kind of knowledge representation system.
The use of UML, in the development of the knowledge model, allows the knowledge involved in the fixture design process for inspection to be defined and structured.
The definition of the geometry, dimensions and dimensional tolerances, geometric tolerances, finish tolerances and planning inspection operations interfaces has enabled the information to be extracted directly from the CAD system used in the implementation of the knowledge model.
